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Successfully implementing continuous improvement and quality methodologies have
been challenging over the past century. Challenges occur in managing change in the
organization, which can be effectively addressed through relationship building in concert with
strong leadership. Even with solid leadership, change management, and relationship building,
initiatives have challenges quantifying and identifying when to intervene in order to keep them
on track for success. Creating a quantitative model using a 3-parameter logit s-curve, Blythe Scurve, to illustrate the growth and decay of the handoff of projects to the process owner will
allow leadership the knowledge and direction to keep the initiative moving in a positive
direction. Leveraging the Hotelling T2 multivariate charts on the residuals derived from the
Blythe S-curve will give definitive statistical evidence on when to intervene on projects in the
earliest possible time frame. Leaders in organizations implementing and actively using change
management, relationship building, the Blythe S-curve model, and Hotelling T2 multivariate
charts to drive quality and continuous improvement methodologies in their organization will
improve the likelihood of success.
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CHAPTER I
INTRODUCTION
Improving processes for better profits and increased sales have been around since the
founding of guilds in the late 1200s. It has evolved through the centuries and has had a part in the
industrial revolution, World War 1, World War 2, the reconstruction of the Japanese economy,
and the modern globalized economy of today. There have been many methods and philosophies
born throughout the centuries, which many are still used today and ones that have been
established in the last century that are seen in most business environments. Methodologies that
are used to today range from an alphabet list like, PDCA (Plan, Do, Check, Act), DMAIC
(Define, Measure, Analyze, Improve, Control), TPS (Toyota Production System), TPM (Total
Production Maintenance), SMED (Single-Minute Exchange of Dies), 5S (Sort, Set in Order,
Shine, Standardize, Sustain), DFSS (Design for Six Sigma), and TQM (Total Quality
Management). When analyzing any of the prescriptive methodologies or other ones not named,
there is one common theme. The common theme is that the tools that make up the methodology
are not typically unique, but they are a part of the continuous improvement and quality systems
that may be cross-leveraged by other methodologies. In addition to the reusable tool aspect, the
methodologies or systems are mostly applied to business processes.
There is also an appetite for methodologies that support the other side of the productive
business world on the service and transactional side. By no means has manufacturing hit a
ceiling for continuous improvement, but there are significant inefficiencies and financial losses
1

that need to also be improved in the non-manufacturing areas of businesses. Many of the
successful concepts, tools, and approaches taken in manufacturing can be transformed and
leveraged in the non-manufacturing based processes. The flexibility of tools and the appropriate
translation of the use of methods is critical for the use, adoption, and continual application of the
philosophies. Whether the need is in manufacturing or some other process, there is a financial
and survival need of most organizations to achieve success in the venture of deploying
continuous improvement projects and initiatives. Understanding the history of the quality and
continuous improvement evolution is a great starting point, with emphasis on the undulations of
the Total Quality Management (TQM) movement starting in the 1980s through today as a
representative example of the quality evolution. Improving the likelihood of success can be
achieved through proactively building the skills for change management and relationship
management, in concert with creating an illustrative, graphical model that transforms qualitative
events to quantitative data using a specialized logit s-curve, the Blythe S-curve. Lastly, the
organization can take appropriate action to overcome roadblocks or constraints by identifying the
signals from constraints in a timely manner using a two-dimensional Hotelling T2 multivariate
control chart to identify statistically valid special cause events.
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CHAPTER II
LITERATURE REVIEW OF TOTAL QUALITY MANAGEMENT
Overview
Total Quality Management (TQM) was created in response to a US economic implosion
in the automotive and electronic industries from the emergence of high quality and affordably
priced products from the newly transformed Japanese industrial complex post World War II.
Juran & Godfrey (1999) point out the concepts of TQM were born in 1920 through World War II
by pioneers such as Walter Shewhart, Edward Deming, and Joseph Juran. TQM was formally
established in response by US CEOs' efforts to curb the acquisition of US market share by
Japanese organizations. The framework of TQM leveraged data and statistics to improve quality,
but it took a holistic approach to make quality as part of the entire organization. TQM had
challenges during its implementation, that within a decade caused it to hibernate from business
practices. It has awoken from the hibernation in the last 10 years to begin a resurrection with the
incorporation of multiple other methodologies to make it a viable prescriptive framework for any
global organization to adopt and achieve world-class quality, and it has been a part of curricula
in universities globally.
Emergence of TQM
Quality was thought of as a theoretical philosophy that started in the 1920s by people like
Walter Shewhart and Edward Deming. Fisher & Nair (2009) illustrates how they worked
together and supported each other to create foundational tools for Bell Laboratories, USDA, and
3

the US Census Bureau. They created methodologies like Plan Do Check Act (PDCA) by
Shewhart and Plan Do Study Act (PDSA) by Deming. Additionally, Shewhart created Statistical
Quality Control (SQC) to allow data to manage business processes. World War II brought about
the necessity for effective sampling methods for goods that went to the military because there
was a lack of people to perform 100% inspection. The US government enlisted Bell Laboratories
to create sampling plans to ensure that soldiers were safe with government-contracted goods.
Thus, the Mil-Std-515 was created, which morphed into acceptance sampling standards that are
used today such as ANSI Z1.4 and ANSI Z1.9. The success of data-based sampling decisions
lasted through the end of the war with the government additionally supporting and funding SQC
training for suppliers. Once the war ended, the quality movement stagnated.
The conditions for a peaceful surrender, Japan had to eliminate its military and militaryindustrial complex. Their industrial complex and commercial industries were economically
devastated, and their products were considered cheap and poor quality. Juran & Godfrey (1999)
states that the international market did not look favorable on Japanese products, so Japan reached
out globally to invite lecturers and experts to help rebuild and grow their industrial complex to be
world-class. A few of the people invited to help rebuild their industries included Edward
Deming, Joseph Juran, and Philip Crosby. During the period post-World War II Japan took the
theoretical ideas from those experts for quality and productivity and began to apply them to the
electronic and automotive industries. The transformation did not take place overnight, but by the
1970s the US automotive and electronic industries began to feel the competitive pressures of
Japanese companies. According to Raja et al. (2017), Henry Ford may have created the assembly
lines for US auto manufacturers, Taiichi Ohno brought the lean concepts from theory to reality to
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create the Toyota Production System (TPS) for waste elimination, quality, and improved bottom
lines, which he derived from the global quality experts that came to Japan.
Initially, US companies thought the market pressures were driven by price and marketing.
So, the US automotive and electronic industries lowered prices and waited for market share to
return. Unfortunately, their market share never returned or is slowly returning 40 years later.
Fisher & Nair (2009) point out in the 1980s, a group of CEOs realized that it would not return
because it was not the only price that was driving lost business, but it was the quality and
reliability of the products been built by Japan. They put together the Total Quality Management
philosophy and began implementing across their organizations. The goal was to build
organizations with quality as the enabling backbone of all products and service that was
delivered to the US and global markets. In some cases, the concept worked, but in many cases,
TQM became a marketing tool that actually never changed the quality of the products or services
in organizations. An enormous amount of monies were spent, but TQM did not hold because of a
multitude of confounding factors. Some factors were a lack of commitment by leaders, quality
groups were blamed for the quality issues, and throughput maintained the most important
measure which demonstrated continued US arrogance.
Hibernation of the TQM Framework
Regardless of all of the negativity and stagnation of TQM, it was the acorn of the modern
quality movement. A plethora of initiatives, methodologies, and tools spawned from TQM,
which includes ISO 9000, Malcolm Baldrige, QS 9000, Toyota Production System (TPS), Six
Sigma, and Lean Six Sigma. The advent of the other methodologies caused many to think that
TQM had completely fallen and been sent off in the sunset. TQM was ultimately a framework
and a philosophy that was missing critical components of accountability, standards, goals, and
5

the concept of continually improving. McCabe & Wilkinson (1998) stated that the decline is too
complex to fully understand, but the loss of momentum could be primarily attributed to the
program be perceived as an awareness initiative. The other methodologies attempted to build an
all-encompassing framework that would focus on trying to solve all organizational quality and
productivity questions, but they were not robust enough to handle the breadth required to achieve
the enterprise-wide result.
Most focused on operational excellence in challenging processes that can appear to be an
organizational savior. Success lasted until market drivers changed the direction of revenue.
Motorola was a great example of this type of failure, where Bill Smith and Mikel Harry created
the Six Sigma methodology and ultimately improved manufacturing processes to near and
beyond Six Sigma levels. The company almost went bankrupt because of poor marketing and
strategic decisions to stick with analog technology and not market it appropriately. In order for
any business to maintain success, they must attain operational excellence, make a sound strategic
decision, and continually sustain a strong marketing presence for products and services. ISO
9000 attempted to create the framework but fell short without accountability to performance
objectives. Malcolm Baldrige added that requirement for quality objectives that a business must
achieve, but it was lacking strategy and marketing as part of the requirements. CMM made a
valiant effort to achieve a holistic maturity model framework, but it had been too closely
correlated to software development and had limited exposure and usage outside software
development shops. For a period of 20 years, many attempts were made to embrace a framework
that was all-encompassing so TQM went into deep hibernation.
Hibernation appears to be the best term because Flynn (1998) demonstrates that Frederick
Taylor’s scientific management is an easy place for organizations to refocus because of the
6

emphasis on productivity. It breaks production down into 3 high-level categories of work
measurement, production planning, and production control as primary drivers of success, which
has a two-fold impact on an organization. Firstly, it allows improved productivity that will offset
the expenditures by TQM while capitalizing on the minimal quality improvements. Lastly, it is
the catalyst for the need for continuous improvement methodologies to sustain increased
productivity and customer retention, but it cannot hold the organization together long term like a
TQM system could.
Re-birth of Total Quality Management
TQM began to start getting attention again slowly from 2005 moving forward for
multiple reasons. One of the primary reasons, the framework could work systematically through
every facet of an organization and any industry. Secondly, most of the paper dragon
implementations and slogans used during its inception were forgotten or considered lessons
learned. Lastly, the TQM methodology could incorporate into the framework all or selected
successful methodologies for operational excellence, marketing, innovation, and strategy. Juran
& Godfrey (1999) illustrate that TQM inherently focused on critical aspects such as creating a
quality system, customer-supplier partnership, entire organization involvement, measurement,
and education to be a successful methodology. All of the successful organizations during the
hibernation period did not stop focusing on concepts of TQM but went away from using TQM as
part of their vernacular. Many times, the focus of quality management as a holistic system to the
organization was not entertained either.
The rebirth can be attributed to organizations infusing continuous improvement into the
overall system but not realizing that an overarching view must be achieved for long-term
sustainable success. There are always exceptions to rules and General Electric (GE) was one of
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those, they used Six Sigma as their total quality management system by ensuring that the 5
critical areas of TQM were addressed with the methodology. This was a mildly successful tactic
in manufacturing-based industries but faltered in other industries. As service and transactional
organizations adopted Six Sigma, they were missing key aspects for success like GE, which
include a developed quality system, total organization involvement, or supplier partnerships. An
overarching framework needed to be used, and TQM or systems engineering has been adapted to
have an appropriate umbrella view of the organization. Systems engineering will eventually be a
subset of TQM because of its lack of accountability structure for the TQM area of quality
systems and training. Hafeez et al. (2018) illustrate that there is a primary catalyst for the need of
TQM which lies in the need to engage suppliers to drive improvements and maintain quality in
their organization. They further share how modern business intelligence tools and performance
measures are easier to accomplish the challenging measurement aspect of TQM.
Summary
TQM was created as an answer to US companies attempting to close the competitive gap
with Japan in many industries on producing cheaper products, made better, and that met the
customer’s needs and requirements. Initially, it was a marketing campaign that was telling the
public the company was focused on quality, but no one was holding manufacturing accountable
for meeting those quality promises. Many organizations lost interest in TQM after the expensive
deployment with minimal impact on closing the gap with Japanese manufacturers. The
methodology went into hibernation, which allowed the bad stigma to be forgotten and the
emergence of many other methodologies that would eventually allow a successful rebirth. In the
last 8-10 years, the rebirth of TQM has been occurring with the incorporation of system thinking,
enterprise process management, and a plethora of successful continuous improvement
8

methodologies that are effective in all industries. Organizations and schools of higher learning
are teaching the principles of TQM in order to encourage a holistic look at the organization
through the quality lens.
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CHAPTER III
IDENTIFYING AND RESOLVING DELAYED CONTINUOUS IMPROVEMENT
PROJECTS WITH A BLYTHE S-CURVE
Overview
Why is the initiative behind, and over budget? Why didn’t someone catch this earlier?
When did the project go off the tracks? Why aren’t people using the new process? The turnover
rate is still out of control, why? What is going to be done next time, to prevent this type of failed
initiative? This is just a sample of questions that are bandied around after a lack-luster or
completely failed initiative or project. The root cause of most inefficient endeavors lies in one or
more of the following disciplines: project management, change management, relationship
management, and leadership. A primary reason for the poor performance is related to not having
a good quantifiable measurement system that can identify when the initiative is in trouble with a
timely signal to know when to intervene.
Change Management and Why
Processes can be created and updated in a vacuum by a single person or in a collaborative
manner with a group of people. The question all leaders want to know is what is the likelihood of
successful implementation, buy-in, and long-term adoption. The answer is, it depends on many
criteria. Kübler-Ross (2005) established a framework that would better enable the journey to
change management. The path is illustrated by the following 7 steps:
•

Needs for change: it will focus on the identified stakeholders’ desire for the change.
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•

Leadership and direction: it will set the expectations

•

Communication planning: it will determine the focus & priorities.

•

Organization & resources, along with the systems and control: it will determine the roles,
structures and how we measure & control the process.

•

System’s controls: it will drive the underlying beliefs & assumptions.

•

Behaviors: it is very important and will reinforce the change.

•

The verified improved/re-engineered (TO-BE) process: it will produce outcomes that
provide new triggers. (p. 56)

All of the steps appear to be straightforward and infused with common business sense, but there
is an enormous amount of work that must be done behind the scenes by leadership to sell and
gain behavioral reinforcement as it relates to the need for change.
The need for change should ultimately translate to explaining to everyone in the
organization “what is in it for them” in order to establish a reason for engagement, make them
part of the initiative, and ensure that they are supporting the change desired. To achieve success a
good communication plan should be established by the leadership to convey the message with
very concrete goals and expectations. Communications and talking sometimes are just that, but
good leadership will have a plan, adequate resources, and contingency plans determined for the
change initiative before any communication is released to the organization. Behind the scenes,
strategic planning is required to understand the goals and objectives of the enterprise and how
those will cascade into the organization all the way down to each individual. Understanding the
connectivity and identifying any conflicting objectives or goals can be critical in avoiding
unforeseen resistance to a change initiative. Once all of this is considered, the execution phase of
11

the change can occur which would use a prescriptive project methodology that leverages the rest
of the framework established by Kübler-Ross.
Successful change management can be intuitively assessed well after the change is
completed whether it was successful and in the case of failure, but it is difficult to quantify how
successful or how much of a failure it was. During a change it is nearly impossible to quantify
the effectiveness of change and unless there is a deliberate and established methodology on how
to measure change. In order to quantify change management, assigning a number on a Likert
scale is not a simple and easy way to perform the task. There is substantial foundational work
that needs to be accomplished for the Likert quantification process to be created, used, and
adopted. The organization will need to start planning for all projects within the organization,
leverage lessons learned from previous projects on whether they were a success or failure,
identify the appropriate model parameters that are relevant for the enterprise, apply the
methodology, adjust where needed, and interpret results from a top of the house perspective.
Relationship Management: Building for Now and the Future
Poor change management can stop a project or initiative in its tracks, but it is not the only
characteristic that will have a terminal impact on an initiative. Relationship building and
relationship management are just as important as change management and the two have strong
interactive behaviors. Building relationships and managing those relationships is a softer skill
that many brilliant people ignore, and they are caught off guard when a project is canceled or has
a catastrophic failure. It took many areas of the business-world decades to embrace and
encourage success through teamwork and collaboration, so it will take time for industries and
regions that did not embrace the philosophy of catch-up. The best comparison is the US auto
industry believing that the reason the Japanese were taking market share and slowly destroy the
12

US auto industry was due to pricing. When in fact the Japanese focused on quality, cost, and
what the customer desires. Building relationships and collaboration should not be overlooked but
should be embraced.
The lack of building the proficient tools required for relationship management before the
typical employee joins a company means there will need to be thoughtful ways organizations
need to build the tools in a new hire. To describe how a good relationship builder and leader
would approach work begins with them determining what their partners desire and need. To
identify the needs of an individual may be as easy as finding out what his or her objectives are
and what they are currently doing to achieve those objectives. When someone has a flat tire on
the side of the road it is very easy to determine what his or her objectives and needs are. The
objective is to replace or repair the flat, and the need is potentially getting help replacing it or a
lookout to ensure no one runs into the car while they are changing it. It would be easy to build a
relationship, though a short-term one, with that individual. People want to be supported and
helped, and they will typically reciprocate kindness and support. In most businesses, people are
given objectives that they need to work on throughout the year to achieve. Those objectives are
related and linked to corporate or organizational goals and objectives that are determined by the
organization as the accomplishment needed for the organization to survive and thrive. Just like
seeing the person with the flat tire on the side of the road, identifying and understanding
someone’s objectives can be an incredible tool to start building a strong relationship. Building a
strong relationship or relationships, in general, are not easy to do, much like changing a flat tire,
they are hard work and require conscientious focus.
Understanding and knowing people’s objectives is the first step in relationship
management, but it is just the first step. Whatever project they are part of or asked to participate
13

in, must have a clear correlation to those objectives in order to get engagement, support, and
hopefully advocacy of the initiative. In order to be successful in any endeavor, the most critical
aspect of an initiative is to understand all of the team members’ and sponsor’s objectives and
gather the picture of which ones will help the initiative to be successful and bring some form of
work relief to each individual. Work relief can come in the form of recognition, money, benefits,
better work/life balance, decreased daily stress, better job security, and the list goes on and on
but should relate to each individual team member’s unique wants and needs. Having change
management skills and relationship building tools help individuals and organizations begin to
successfully implement projects and initiatives that improve the key objectives of the
organization.
Relating All Continuous Improvement to Lean Six Sigma Black Belt and Green Belt
Projects
There are many prescriptive improvement methodologies which include PDCA, 5S,
Kaizen Events/Blitzes, DMEDV, and DMAIC. The methodologies use many of the same tools
but have their own signature path that makes them more useful to the group leveraging it. No
matter the methodology, most can be mapped or correlated to the DMAIC framework for Lean
Six Sigma (LSS) projects. The DMAIC framework is built on the five steps of the methodology
D for define, M for measure, A for analyze, I for improve, and C for control.
A significant differentiator and assessment variable that needs to be leveraged in LSS
projects is the type of belt project that is being pursued. The two to be considered are Green Belt
projects and Black Belt projects because there should be material differences in the projects
assigned. The differences include training, scope, complexity, time frame, and authority. In order
to better compare the differences in the two project types, it would be prudent to list out the basic
14

assumptions for each project type. This will also allow a comparison to other prescriptive
methodologies for better alignment and it will also allow calibration in organizations that use
DMAIC for Green and Black Belts.

Green Belt Criterion Overview:
Training: Typically, 60 to 100 hours with a median of 80 hours (2 weeks)
Project Scope: Narrow, should be limited to a single geographical location
Complexity: Should be beyond a “just do it” or “a solution has been determined, implement it”
project, and would include a natural team in place, a data source with historical data, tied to one
to two business objectives, and would not completely design a new process.
Project Time Frame: 2 to 5 months with a median of 4 months (16 weeks)
Belt Authority: Could be the process owner for projects but at a minimum should be in the
process.

Black Belt Criterion Overview:
Training: Typically, 120 to 200 hours with a median of 160 hours (4 weeks)
Project Scope: can cross geographical and departmental boundaries; does not have to fall into the
belt’s expertise or trained area; does not have to have a good or adequate data source, and they
do not have to be constrained by being part of the process
Complexity: There is not a limitation on complexity for a black belt except that a project should
not be a “just do it” or “a solution has been determined, implement it” scenario.
Project Time Frame: 4 to 8 months with a median of 6 months (24 weeks)
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Belt Authority: Typically, a top performer in the organization and has been chosen by leadership
to complete projects that will have breakthrough impacts on the organization. Authority is
conveyed by the leadership that champions, sponsors, and supports the belts’ project
completions.
With the illustration of the basic criteria for the Green Belt and Black Belt projects, it is
fairly straightforward to be able to correlate non-DMAIC based methodologies to one of the
categories or milestones. Green Belt would logically correlate to PDCA, Kaizen Events/Blitzes,
5S, or rapid change over types of projects, where the Black Belt would correlate to any of the
design methodologies (DMEDV, IDOV, etc. projects. In no way is this meant to limit future
methodologies, but is meant to give directional correlation and criteria to compare to any future
methodology for comparison. Every organization has a nuance difference even if they produce or
believe they do things the same. The auto industry is a great example, Ford and GM (General
Motors) both put strikers on doors to allow doors to close and stay closed. The strikers may even
look similar, but how they install them and interact with the rest of the systems around it can be
dramatically different. Improve the process of closing a door at Ford may not translate one-toone to the process at GM, but there will be many similarities and some methods that need to be
adjusted to work within the assembly system at GM. The same applies to continuous
improvement methodologies, they need to be fine-tuned for each organization.
Quantification Challenge
Quantifying progress in an initiative or project can be challenging because much of the
forecasting and projecting is typically subjective or qualitative, which means that an assessment
of the effectiveness of the progress is stated as a success or failure or partial success which gives
direction to improve adoption in a specific area. Standard questions that are asked post-mortem
16

on the project are similar to these, “What does that mean?”; “Why did it fail?”; and “What needs
to improve, and why didn’t someone step in early to fix it?” This is the beginning of the search
for a root cause to prevent or mitigate the events from occurring in future endeavors. The
primary result from the answers to any questions are words of explanation. Those words can be
transformed into affinity groups or be used in a fishbone or drawn from a 5-Whys activity, but in
the end, they are just words. The words can be grouped and analyzed with non-parametric tools
or basic quality tools that can be more useful than blind guessing or gut reactions. In addition,
the results are lag indicators to a completed project or initiative. The manufacturing 1:10:100
rule applies to this scenario, which states if a defect is caught when it happens it will cost a $1 to
fix, if quality catches it before it leaves the facility it will cost $10 to fix, and if the customer
catches it then it will cost $100 to fix. Initiative failures occur and are understood only from the
internal and/or external customer perspective, which can irreparably damage the entire
organization and leadership teams. The idea is to identify and quantify when a project is moving
off course as soon as it begins, so if there is a way to quantify when this occurs, then a root cause
analysis can be done quickly to get back on course. The root causes are typically change
management issues, relationship issues, lack of resources, lack of participation, lack of time
commitment, poor alignment to objectives, and team dysfunction; but these are not all-inclusive
nor put in a hierarchal order.
When managing a project there are finite quantitively identified measures that projects
have, and the basic list consists of:
•

Number of people

•

Event dates

•

Budget
17

•

Effective measurements
o % complete
o days left
o % high-complexity items complete
o etc.

•

Discrete measurements
o Red, yellow, or green status
o Priority
o On budget

Even though the list is limited, there is sufficient data to create an inline predictive model to be
able to intervene in a project that has begun down the path of failure and have a significant
positive impact on the outcome of the project.
Modeling
The goal is to build a modeling methodology to take subjective or qualitative data and
effectively convert it to quantitative data. Once the data from the process is converted, then
modeling and analysis of the data can begin. The model necessary to create a data-driven
intervention methodology will be done in a three-step process that will borrow tools and theory
from different areas of statistics. The model begins by creating an ideal 3-Parameter s-curve
(Blythe Curve), then mapping the actual values against the Blythe Curve, and finally visually
identifying deviation patterns from the Blythe Curve. The patterns will be indicators when to
intervene in the initiative or project.
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3-Parameter S Curve
The 3-Parameter S-Curve was selected for use for a multitude of reasons which include
the inherent application in biological and behavioral growth and decay modeling. Modis (2007a)
points out from Cesare Marchetti that “Anything that begins and ends an existence will fit a
logistic.” (p. 866) The fact that it will be some form of a continuous improvement project,
whether Black or Green Belt, there is a definitive start and completion point. Modis (2007a)
draws a great analogy with leveraging the evolution of the USSR and the US, which states the
former USSR was a rather stable “species” that came into existence at a well-defined moment
and occupied a well-defined niche in absence of excessive mutations. In contrast, the USA took
150 years to solidify, and different-culture people never ceased to pour into the US and the flow
continues today. As a consequence, the evolution of the USSR can be described better by an Scurve better than that of the founding and transformation of the USA. Following the prescriptive
methodology of DMAIC will make project-to-project within an organization very similar and
applicable to the predictability of the S-curve.
Flexibility and applicability are important aspects of any tool or methodology to be
successful across industries and organizations. Kucharavy & De Guio (2007) states, “for sociotechnical systems the three-parameter S-shaped logistic growth model is applied for describing a
continuous “trajectory” of system’s growth or decline through time” (p.2) Considering all 3
parameters and applying it to continuous improvement projects are necessary and must be
defined. One aspect of the S-curve that can be adjusted for a unique and evolving organization is
the slope or steepness of the curve, which is represented by the factor k in the following formula
(Figure 1):
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𝐵 𝑥 =

Figure 1

𝐿
1+𝑒

−𝑘(𝑥−𝑥 0)

Logistic Function (Blythe S-curve)

The logistic function has multiple variables that are defined for use with the progress (decline)
and the handoff (growth) functions of a project as follows:
B(x): The function or formula used to establish expected ownership (growth) or handoff
(decline) of a project which will be designated as the Blythe S-curve.
L: It is a variable and 1 of the 3 parameters that establish the maximum value on
the y-axis of the curve, which will be 1.00 or 100% for both the ownership and
handoff curves.
e: This letter represents the classic mathematical value for the natural logarithm, which
is approximately equivalent to 2.7182…
k: A variable and 1 of the 3 parameters will represent the steepness that the scurve will take on whether it is an ownership (positive, growth value) or handoff
(negative, decline value) characteristic. The curve will become steeper as the kvalue moves toward -1 and 1. On the contrast, the steepness flattens out as the kvalue approaches 0 from either the positive or negative side.
x: The x will be the project or planned milestones
x0: This variable is the midpoint of the s-curve and will be leveraged as such for the
project expectations. i.e. an expected 6-month project would have a midpoint of 3
months or 12 weeks.
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(x-x0): represents 1 of the 3 parameters and is the differential of planned milestone
and the midpoint of the project.
Below is in Figure 2 illustrates the use of an S-curve with k-values of -0.4 for the handoff
and 0.4 for the ownership. In addition to the S-curve, it has an x0 of 8 weeks as a midpoint with
actual values for events (week completed) that occur during the project.

Figure 2

Visual Example of a Logit Blythe S-curves for a Green Belt Project Predicted to be
completed in 4 months (16 weeks) with Milestone dates for Events.

Debecker, A., & Modis (1994) share “the most fascinating aspect of S-curve fitting is the
ability to predict from early measurements the final maximum, a fact that often shocks and
sometimes vexes individuals, with its inherent element of predeterminism.” (p.153) The fact that
the S-curve has been demonstrated as an accurate predictor of growth and decay throughout
science further validates the application of it to human behavior and predictability in the business
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world. Therefore, the modeling of two S-curves that represent the ownership (growth) from the
project team to the process owner’s team and the progress of the process owner’s team removing
the need of the project team through a slow handoff (decline) will be collectively called the
Blythe S-Curves.
Creating Standard Blythe S-Curves
The standard S-curve needs to be established from collected and experiential data, much
like control chart limits. Modis (2007b) conveys an important concept of S-curves by the
analogy of “new products replace old products just as new technologies replace old technologies.
But even in careers and personal relationships, one may find successions and replacements as a
new one begins when the old one ends.” (p.870) There is always a concern that a project is so
unique that it has to be treated differently or that it is new and does not behave the same. Using
the standard slope that is demonstrated in this work as a starting point will be robust enough in
the beginning, but it should be tuned after 25 to 30 continuous improvement projects have been
administered against the interim milestones (e.g. SIPOC, control charts, improve tollgate, etc.)
Tuning includes adjusting the k-value with the completed project to determine the steepness of
the transition the organization should operate at. The data may illustrate that Black Belt and
Green Belt projects have the same steepness or different one. The same may be the case for areas
of the organization that have a mature continuous improvement program in place as opposed to
one that has been newly deployed. The primary takeaway is to take empirical data from the
organization and fit the model to it. A couple of rules to remember, as the k-value moves toward
-1 and 1 the steepness increases dramatically which is indicative of a very mature organization
that has a high level of process team engagement and support from the onset of the project. As
the k-value moves towards 0 the steepness flattens out which is typically indicative of a new
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initiative in the company where there needs to be a considerable amount of preparation by the
project team for coaching, training, buy-in, and engagement of the process owner’s team. The
other reason for a steeper transition may be the need for independent teams to come and help the
process teams achieve their business objectives when the process team does not have enough
capacity to be engaged at a high level. Regardless of the situation, all organizations may want to
start with the standard value of 0.35 for the project team and -0.35 for the process team until a
comfort level is achieved and sample size of 25 to 30 completed projects can guide an
adjustment of those k-values. A general guideline for the steepness of the curve can be seen in
Table 1.
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Table 1

Description of the k-values for steepness for the process and project teams with
descriptions on when to use the different values for k.

Establishing a starting point for an organization is an essential first step and ideally
having data on past projects would be the ideal situation, but is not always available. Most
organizations will not be in the position to gather data so a standard can be used for the k-value
that will allow the use of the model until the data can be created and analyzed. The k-value can
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be from 0 to 1 or -1, depending on the type of curve, decline(negative) and growth(positive). It
would be recommended to start at 0.35 and -0.35, which requires an engagement of the process
owner’s team to be engaged to drive acceptance of the changes. The ideal situation is to have the
k-value at 1 and -1 which is not necessarily realistic. The concept of increasing the k-value is
related to the trust of the process owning team taking and adopting changes to their process
delivered by the project team. As the k-value approaches 1, the idea is that the process
improvement team will identify significant factors and generate solutions that will meet the goals
of the organization. Once the solution is identified, they would then turn over the pilot to the
process owner and it would be implemented without the need for change management and buyin. The project team would have representation from the process owner’s team. Realistically
most organizations will mature somewhere between 0.35 and 1, which is based on the need to be
involved in generating solutions and implementing them. A k-value of 1 would be very little
involvement of the process owner’s team other than a potential team member or two on the
process improvement team.
Spreadsheet Build
To begin with, a data collection method should be established to build the model. A
spreadsheet will allow for collecting data and establishing tables for input. The initial table
should be one that chooses the improvement methodology with expected completion time and
the midpoint of the project, and then a second table with scaled and converted decimal values for
“day completed”. These tables will give operational definitions for projects and days for
calculations. Table 2 illustrates the two tables and shares the typical length in months a project
would take for one that is scoped as a Green Belt, Black Belt, and PDCA methodology, and it
includes a conversion to weeks with a midpoint identified.
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Table 2

Project methodology selection and expected length of the project

The data entry portion of the spreadsheet can be built similar to the previous Table 2, which can
be customized for the milestones in the selected project type, months that will convert to weeks
for completion, and it breaks down each milestone by roles of the champion/sponsor, project
team, and process owner. Table 3 illustrates a data collection spreadsheet below.
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Table 3

Project data collection table for recording the week the sponsor/champion, process,
and project team planned and actually milestones were completed.
Project Type (BB or GB):
BB
6
24

Phase
Define

Phase

Months to Complete
Weeks to Complete

Actual
(week)
1.00
2.14
3.28

Planned
(week)
1.00
2.00
3.00

7.42

4.00

5.57

4.00

6.14

5.00

Actual
(week)

Planned
(week)

7.14

6.00

9.00

7.00

Initial root cause
analysis

9.14

7.00

Present Measure
Tollgate

10.00

8.00

Sponsor/Champion
Identify Project
SIPOC Collaboration
Stakeholder Analysis

Project Team
Charter
SIPOC
Stakeholder Analysis
Identify Potential
Assign Team Members Team Members
Short support speech in
KO
Kick-off Meeting
Conduct Define
Tollgate
Present Define Tollgate

Sponsor/Champion

Measure

Conduct Measure
Tollgate

Planned
Complete

Project Team
Create a Process Map As is
Measurement System
Analysis
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Process Owner &
Process Team
Review Charter
Review SIPOC
Representation on
Team
Short support speech in
KO
Attend Define Tollgate

Process Owner &
Process Team
Validate As-is process
map
Participate in MSA
(individuals who
typically do the
measurements in the
process)
Involved (individuals
on the team from the
process)
Attend Measure
Tollgate

Actual
(week)
1.14
2.42
3.00

Planned
(week)
1.00
2.00
3.00

7.57

4.00

5.57

4.00

6.14

5.00

Actual
(week)

Planned
(week)

7.28

6.00

9.14

7.00

9.14

7.00

10.00

8.00

Table 3 (continued)
Phase
Analyze

Sponsor/Champion

Project Team
Waste Analysis

Advanced root cause
analysis
Brainstorm solutions

Impact/Effort analysis
on solutions

Phase
Improve

Conduct Analyze
Tollgate

Present Analyze
Tollgate

Sponsor/Champion
Review and approve
plan

Project Team
Create pilot plan

Actual
(week)

Planned
(week)

9.28

9.00

10.57

10.00

11.00

11.00

11.14

11.00

12.28

12.00

Actual
(week)

Planned
(week)

12.14

12.00

13.00

13.00

14.28

14.00

18.14

18.00

19.00

19.00

20.00

19.00

Train pilot group

Run pilot
Analyze results of pilot

Optimize pilot for
implementation

Conduct Improve
Tollgate

Present Improve
Tollgate
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Process Owner &
Process Team
Participate in the waste
analysis (individuals on
the team from the
process)

Engaged and
participating in
brainstorming session
(individuals on the
team from the process)
Collaboration of the
Champion, team, and
process owner
Attend Analyze
Tollgate

Process Owner &
Process Team
Process owner and
individuals in the
process give feedback
All people that will be
part of the pilot will be
trained, which is
documented
Supply resources and
team to run pilot
Process owner and
individuals on the team
from the process will
review results
Process owner and
pilot team will provide
feedback to make
solutions work day to
day
Attend Improve
Tollgate

Actual
(week)

Planned
(week)

9.28

9.00

10.57

10.00

11.00

11.00

11.14

11.00

12.28

12.00

Actual
(week)

Planned
(week)

12.14

12.00

13.00

13.00

14.28

14.00

18.14

18.28

19.00

19.14

20.00

19.00

Table 3 (continued)
Phase
Control

Sponsor/Champion
Project Team
Read and review
Finalize control plan
control plan and sign
off on the adoption of
the plan.
Read and review final Create final report
report
Finalize hand-off to
process owner
Conduct Control
Present Control
Tollgate
Tollgate

Actual
(week)

Planned
(week)

20.57

20.00

21.28

21.00

22.00

22.00

22.57

24.00

Process Owner &
Process Team
Read and review
control plan and sign
off on the adoption of
the plan.
Read and review final
report
Completely take over
new process
Attend Control
Tollgate

Actual
(week)

Planned
(week)

20.57

20.00

21.57

21.00

22.14

22.00

22.57

24.00

These can be constructed in a spreadsheet or any data entry form. Once the data entry
methodology is selected, building the model calculations would be the next step. The
calculations will be based on the planned(theoretical) and actual portion of the Blythe S-curves
and will require 11 columns to create. The thirteen columns will be as follows:
•

L - Percent Transition, which is the maximum value used in the model of 100% or 1 for
the spreadsheet.

•

k project - ideal transition steepness/curvature for Project Team referenced in Table 1

•

k process - ideal transition curvature for Process Owner and the people in the process
referenced in Table 1

•

X t – the ideal planned completion week for both the project and process team

•

X0 - target midpoint week, which is halfway between week 0 and the week expected to
complete the project

•

B(x)Planned Project – the theoretical Blythe S-curve value for the project team (Ideal Project
Team Schedule)

•

B(x)Planned Process – the theoretical Blythe S-curve value for the process team (Ideal Process
Owners Schedule)

•

X Actual Project – Project team actual completion week for the milestone
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•

X Actual Process – Process team actual completion week for the milestone

•

B(x)Actual Project – the actual Blythe S-curve value for the project team
o Formula = (L) / [1+EXP(-1*( k project)*(( X Actual Project)-( X0)))]

•

B(x)Actual Process – the actual Blythe S-curve value for the process team
o Formula = (L) / [1+EXP(-1*( k process)*(( X Actual Process)-( X0)))]

EXP is equivalent to Euler’s mathematical constant (e).
Figure 3 is an example of a spreadsheet with formulas based off of a data entry form with the
first row with the variable titles in row 15, then row 16 and the last is row 17:

L - Percent Transition
1
=A15

k process
0.35
=B15

k project
=B15*-1
=C15

x target
='Data Entry Form'!F5
='Data Entry Form'!F6

B(x) Planned Process
=A15/(1+EXP(-1*B15*(D15-E15)))
=A16/(1+EXP(-1*B16*(D16-E16)))

Figure 3

x0
='Data Entry Form'!$A$3/2
=E15

B(x) Planned Project
=A15/(1+EXP(-1*C15*(D15-E15)))
=A16/(1+EXP(-1*C16*(D16-E16)))

Spreadsheet illustrating the formulas used to create all of the variables for the
planned Blythe S-curves and the actual Blythe S-curves.
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X Actual Process
='Data Entry Form'!E5
='Data Entry Form'!E6

X Actual Project
='Data Entry Form'!H5
='Data Entry Form'!H6

B(x) Actual Process
=A15/(1+EXP(-1*B15*(H15-E15)))
=A16/(1+EXP(-1*B16*(H16-E16)))

B(x) Actual Project
=A15/(1+EXP(-1*C15*(I15-E15)))
=A16/(1+EXP(-1*C16*(I16-E16)))

Figure 3 (continued)
This completes the information needed to build a spreadsheet to create Blythe S-Curves.
Interpretation
The interpretation of the actual versus the planned will be done through pattern analysis
and the appearance of large deviations from the planned. The Blythe Curve should be reviewed
at each milestone by the project leader and the champion to look for patterns that may indicate
intervention needs to occur. Milestones analysis will be critical for appropriate intervention in
order to get the project back on track. An organization may adjust the milestones that will fit the
accepted methodology performed specifically to it. An example, an organization or a project may
not require a process map but use spaghetti diagrams because it is a lab or logistics facility.
There are numerous scenarios where milestones are logical switches. In table 2, it represents the
typical milestones for the project team and the process team for a DMAIC process.
Leveraging the point(milestone) when a pattern emerges, then cross-referencing the
events, will give the champion a starting point to begin to determine what he or she needs to do
to remove or alleviate the constraint for the project. The interpretation is as straight forward as
reading a traffic light, if the signal is red, stop until it can be determined what will give the
project a green light to move forward. To further dive into special causes or signals, there is a
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difference between the signals and the actions taken. If there is a signal or pattern above the
Blythe Curve planned line for the project team or below the Blythe Curve line for the process
team, that is a good signal, and it indicates that the project is ahead of schedule and no
intervention should be done. If there is a signal or pattern below the Blythe Curve planned line
for the project team or above the Blythe Curve line for the process team, that is a critical signal,
and it indicates that the project is having issues and intervention should be done. Table 4
illustrates patterns and actions to be considered.
Table 4

Pattern recognition and corresponding actions.

Team
Project Team
Process Owner
Project Team
Process Owner

Position compared to the
Blythe S-Curve
Above
Below
Below
Above

Pattern event occurring
4 or more out of 5, ahead of schedule.
4 or more out of 5, ahead of schedule.
4 or more out of 5, behind schedule
4 or more out of 5, behind schedule

Action
Do not intervene.
Do not intervene.
Critical signal, intervene.
Critical signal, intervene.

Examples of projects that have and do not have signals that a sponsor/champion will
make intervention decisions on, better illustrate the effectiveness of the model. Below there will
be 4 examples of Blythe S-curves
Example 1 is a project for a four-month Green Belt Project with both teams on schedule
and no need to intervene. The k-values used are 0.4 (taking ownership) and -0.4 (hand-off
improvement) There are not any patterns and the values tend to move above and below the
planned Blythe Curve for both the project and process teams as seen in Figure 4.
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Figure 4

Blythe S-curves, Process Owner Team Control Chart, and the Project Improvement
Team Control Chart. Both teams are on track.

Example 2 is a project for a six-month Black Belt Project with both teams having signals
to intervene, which were recognized after week 12. The pattern begins around week 10, so
research on the cause would start there. The k-values used are 0.4 (taking ownership) and -0.4
(hand-off improvement) as seen in Figure 5 below.
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Figure 5

Blythe S-curves for the Process Owner Team, and the Project Improvement Team.
There are signals for the project team delaying progress, as seen in the circled area
below the ideal line, and it should be addressed.

Example 3 - is a project for a six-month Black Belt Project with both teams having
signals, but only the project team needs intervention. The k-values used are 0.35 (taking
ownership) and -0.35 (hand-off improvement) as seen in Figure 6 below. The project team
begins to track below around week 11 and the process owner starts tracking above around week
10, which are both indicators that there may need to be an intervention by the champion/sponsor
of the project. The project team is being delayed so there will need to be a root cause on what is
delaying the project. The intervention occurred at week 15 and got the project back on track and
with focused visibility and commitment by the champion, the project finished on time.
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Figure 6

Blythe S-curves for the Process Owner Team, and the Project Improvement Team.
Both teams are consistently delayed between weeks 11 through 18.

Example 4 - is a project for a four-month Green Belt Project with both teams having
many signals to intervene. Figure 7 represents the Blythe S-curve with k-values at 0.35 for the
process owner and team, and -0.35 for the project improvement team. The champion intervened
at week 5 because both teams were behind, which lead to continued support and help to finish
everything behind schedule. If not for the intervention, the project may have not been finished
and the results realized. The takeaway from this project was to ensure adequate resources and
support in future projects so that removing roadblocks and reprioritizing other daily work to
complete the project would not be necessary.
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Figure 7

Blythe S-curves for Process Owner Team Control Chart, and the Project
Improvement Team Control Chart. Both teams are consistently behind schedule
from week 3 on and the champion/sponsor intervened in the measure phase in week
5.

Even when the Blythe S-Curve demonstrates a pattern and there is an intervention, it does not
mean the project will start running smoothly and on track. Many times, it will allow the painful
completion of the project, but give insight into better planning for the next project.
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Summary
When working in any business environment, it is challenging to quantify and identify
when a continuous improvement project is moving towards failure or paralyzing delays until it is
typically too late to recover. Establishing a measurement system that will track the milestones
and expected length of a project that quantifies progress based on expectations is the only way to
manage success and lead an organization to a successful continuous improvement initiative.
Once the standards and expectations are set, decisions can be made by a view of the actual
completions compared to the projected and planned completion points to determine if the project
is on track., Blythe S-curves parameters, allows flexibility for the organization by adjusting them
to what is relevant transition slope of the project team handing off to the process owner. The
flexibility includes picking milestones that are typically used in the organization, and adjusting

the steepness of the two Blythe S-curves. Kübler-Ross et al. (2005) found the following:
“You then encounter the paradox of success—when things are going well, there seems to
be no reason to change. “We know how to do it now,” people feel, so “don’t rock the
boat or change the formula.” That very reluctance to change ultimately turns success into
failure. “Why cannot the status quo be the way forward?” one leader asked me. Sadly, he
had to learn the answer by hard experience when his organization disintegrated a few
years later.” (p.29)
The Blythe S-curve ultimately addresses the visualized the success or challenges of the
project improvement team’s effectiveness of the handoff to the process owner. Once the project
is complete and properly handed off a new cycle can begin for the next continuous improvement
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project. This concept ensures success at the project level and can extrapolate to all organizational
projects for successfully managing the cycles of continuous improvement and quality initiatives.
Integrating the Blythe S-curve, change management, and relationship building as critical
cornerstones of the organization will increase the likelihood of successful project completion and
sustainability of the improvements.
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CHAPTER IV
MULTIVARIATE CONTROL CHARTS FOR SIGNAL DETECTION OF CONTINUOUS
IMPROVEMENT PROJECTS
Overview
The ability to intervene as soon as a process is in trouble is the ideal situation so that it
can be adjusted and returned to a stable and in-control situation. A stable process allows an
organization to understand what the process is producing and demonstrates the ability to manage
customer expectations. If an intervention is done immediately there is a greater likelihood of
containing errors, mistakes, and defects before they reach the customer and allows the process to
be adjusted so that those mistakes no longer will occur. Shewhart created control charts to be
able to monitor a process and intervene when a signal occurs. There are a plethora of control
charts that can handle almost any data and situation. There are some that are used commonly
throughout different industries that include the x-bar chart with a corresponding standard
deviation or range chart, an individual chart with a corresponding moving range chart, p chart, c
chart, np chart, CUSUM, and EWMA to name a few. The multivariate control chart is a control
chart that does not have expansive usage but is an exceptional tool when there is an applicable
process with appropriate data. Kelly (2019) demonstrated that the implementation of a Blythe Scurve, a specialized logit s-curve, to monitor the progress of a continuous improvement project
has an essential need for identifying special cause variation as soon as possible in order to
increase the likelihood of a project’s success. Using multivariate control charts in concert with a
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Blythe S-curve would allow for an early signal and intervention in the process to improve the
likelihood of success.
Modeling and Application
The goal is to build a modeling methodology to take subjective or qualitative data and
effectively convert it to quantitative data. Once the data from the process is converted then
modeling and analysis of the data can begin. The model necessary to create a data-driven
intervention methodology will be done in a three-step process that will borrow tools and theory
from different areas of statistics. The model process begins by mapping the quantified data
against a best-case scenario 3-parameter logit s-curve, followed by deriving residuals from the
actual values and the best-case scenario values and finally using the residuals in an established
control chart that will indicate when it is appropriate and necessary to intervene.
Blythe S-Curve
The premise behind the Blyth S-curve, the 3-parameter logit s-curve, is to establish a
planned and expected path for a project to monitor against so that leadership in the organization
can assess the progress of the project team, the process owner and team, and the handoff and
engagement between the two teams. Kelly (2019) points out the Blythe S-curve is established on
the premise that flexibility and applicability are important aspects of any tool or methodology to
be successful across industries and organizations. Kucharavy & De Guio (2007) states, “for
socio-technical systems the three-parameter S-shaped logistic growth model is applied for
describing a continuous “trajectory” of system’s growth or decline through time” (p.2)
Describing and establishing operational definition of the 3-parameters so they can be applied to
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continuous improvement projects is a paramount task. The Blythe S-curve is represented in the
following formula (Figure 8) with the variables that need to be established in bold:

𝐵 𝑥 =

Figure 8

𝐿
1+𝑒

−𝑘(𝑥−𝑥 0)

Logistic Function (Blythe S-curve)

The operational definitions for each aspect of the curve are illustrated by Kelly (2019) below and
can be adjusted for a better definition fit for an organization.:
B(x): The function or formula used to establish expected ownership (growth) or handoff
(decline) of a project which will be designated as the Blythe S-curve.
L: It is the variable and 1 of the 3 parameters that establish the maximum value on
the y-axis of the curve, which will be 1.00 or 100% for both the ownership and
handoff curves.
e: This letter represents the classic mathematical value for the natural logarithm, which is
approximately equivalent to 2.7182…
k: The variable and 1 of the 3 parameters will represent the steepness that the scurve will take on whether it is an ownership (positive, growth value) or handoff
(negative, decline value) characteristic. The curve will become steeper as the k-value
moves toward -1 and 1. On the contrast, the steepness flattens out as the k-value
approaches 0 from either the positive or negative side.
x: The x will be the project or planned milestones
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x0: This variable is the midpoint of the s-curve and will be leveraged as such for the
project expectations. i.e. an expected 6-month project would have a midpoint of 3 months
or 12 weeks.
(x-x0): represents 1 of the 3 parameters and is the differential of planned milestone
and the midpoint of the project.
The formulas are used for each team with the project team using a negative k-value for
the decline and the process owner team using a positive k value for the growth. The y-axis
represents the engagement, workload, and ownership of the project. The project team starts out
close to 100% and terminates at the end of the project at 0%. The process owner and team start
out at 0% and terminate at 100% ownership of the new process. The two teams cross at the
midpoint, and that is where brainstormed solutions have been identified and the planning and
piloting of the solutions by the process owner would begin. Figure 9 is an illustration of a Blythe
S-curve:
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Figure 9

Visual Example of a Logit Blythe S-curves for a Black Belt Project Predicted to be
completed in 6 months (24 weeks) with Milestone dates for Events.

Assessing the Standard Blythe S-Curves
Building the Blythe S-curve can be achieved in a two-step fashion, where the user can
start out using a standard curve and as the organization completes continuous improvement
projects the acquired data can then leveraged customize the Blythe S-curve for the organization.
The standard Blythe S-curve needs to be established from sound decision making on the
assessment of where the organization is. Determining the k value for the standard would be the
first step and following the guidance from Table 5 can help with an initial k-value.
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Table 5

Describe the k-values for steepness for the process and project teams with
descriptions on when to use the different values for k.

Overthinking the k value should be avoided and Modis (2007a) conveys an important concept of
S-curves by using the analogy “new products replace old products just as new technologies
replace old technologies. But even in careers and personal relationships, one may find
successions and replacements as a new one begins when the old one ends.” (p.870) Kelly (2019)
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points out one of the primary takeaways is to take empirical data from the organization and fit
the model to it. A couple of rules to remember, as the k-value moves toward -1 and 1 the
steepness increases dramatically which is indicative of a very mature organization that has a high
level of process team engagement and support from the onset of the project. As the k-value
moves towards 0 the steepness flattens out which is typically indicative of a new initiative in the
company where there needs to be a considerable amount of preparation by the project team for
coaching, training, buy-in, and engagement of the process owner’s team. Regardless of the
situation, a generic slope or k-value that an organization may want to start with the standard
value of 0.35 for the project team and -0.35 for the process team until a comfort level is achieved
and sample size of 25 to 30 completed projects can guide an adjustment of those k-values.
In addition to the k-value establishing the L-value and the midpoint are also necessary
steps but much easier to determine. The L-value is based on the starting percent of each team
with the project team typically starting at 100% and the process owner starting at 0%. In reality,
there is engagement and discussion in the beginning with the process owner but they are not
doing the back office work the project team is doing. They may be supplying information for
justification and the process owner may have people on the project team, but they are not taking
on any direct ownership of the project at that time. The midpoint is the final assessment variable
that has to be taken into consideration. An organization may have a good idea of how long a
continuous improvement project may take in the organization and expect it to be completed in
that time frame. Examples are a PDCA project takes 2 months to complete which would have a
midpoint of 1 month or 4 weeks, a Green Belt project takes 4 months to complete which would
be a midpoint of 2 months or 8 weeks, and a Black Belt project takes 6 months to complete
which would be a midpoint of 3 months or 12 weeks,
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Residuals
A major data building block for control charts are the residuals derived from the Blythe
S-curve. The concept of a residual is the primary modeling component from regression analysis
whether in simple or multiple regression, a part of a design of experiment (DOE), or the less
common logistic regression. Residuals possess many qualities that can be leveraged to
understand formulaic lines that actual values are compared to. When collecting the residuals
from a fitted line’s comparison to actual data, the residuals should be normally distributed as a
basic rule or there may be issues with the underlying data or fitting process. Residual issues are
typically related to data having a leverage or inflation point. Additional assumptions of residuals
are they should sum to zero and should not exhibit unusual patterns when compared to the fit.
This illustrates the basic principles of residuals for a fitted line. Since the residuals are assumed
normally distributed and when they are collected in a chronological manner, additional statistical
analysis on the residual data would be appropriate in the form of a control chart.
The residuals from the Blythe S-curve will be determined by subtracting the actual week
that the milestone was completed by the predicted week determined by the formula for the
milestone. The values then will be plotted on a control chart with established control limits. The
standard residual calculation and visual can be seen in Figure 10.
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Predicted
Value

Positive
Residual
Residual
Negative
Residual

Actual
Value
Residual Value = (Actual Value) - (Predicted Value)

Figure 10

How the residual is calculated

The residuals used in the control chart will only be the ones from a single project and it will
generate a control chart that is inclusive of each dimension, the project team, and the process
owner’s team. The sponsor should use both the control chart and the Blythe S-curve to assess the
project’s progress.
Multivariate Control Charts
Control charts were created by Walter Shewhart at Bell Laboratories to analyze process
characteristics’ impact on the process yield and were coined originally as Statistical Quality
Control (SQC) and later evolved into Statistical Process Control (SPC). Since the inception of
control charts by Shewhart, there have been many statisticians to advance the use of control
charts in different scenarios, and Harold Hotelling created multivariate control charts to compare
dimensions of a process with comparable ratios for the means and standard deviations that were
derived from the dimensions of the process. The Blythe S-curve exemplifies a process that fits
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the Hotelling T2 control chart with its two dimensions (project team and process owner) and the
underlying data that will be derived through the normally distributed residuals.
The key component of the multivariate control chart was to find measurable
characteristics that are normally distributed, then plot them in chronological order. The
importance of the data being normally distributed would allow the use of probability theory to
enable the user to distinguish between a process signal (special cause variation) and noise
(common cause variation.) The chronological component is critical for two reasons, it will help
the user understand when the signal occurred and it will allow leveraging expanded use of
probability theory. The expanded probability theory correlates nicely to a coin-flipping exercise,
where the probability of flipping 6 heads in a row would have a probability of 0.56 which is
equal to 0.0156 or 1.56% chance of occurring. Montgomery (2013) demonstrates the control
charts rules that identify signals inside and outside of control limits through the use probability
theory, much like if a control chart has 6 points that fall consecutively on one side of the mean
there would be 0.56 which is equal to 0.0156 or 1.56% chance of occurring. That is because each
side of the mean makes up half of the possible outcomes, much like a head on a coin. In addition
to the control limit violations, there are many rules that will identify signals based on probability
thresholds that are not likely to occur through common cause variation or noise.
Though a classic individual-moving range control chart could be leveraged, there is a
specialized control chart that is a better fit for this application. The Hotelling T2 multivariate
control chart is a better chart because it has an ability for the data to be studied dimensionally for
two or more dimensions. Hotelling (1951) explains that the dimension comparison is much like
the dimension for targeting bombs being dropped out of a plane, where in order to identify if the
bomb is bad or the targeting is bad, comparative dimensions need to be assessed. He looks at the
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bombs' directional distance from the target and compares the ratios of multiple bombs target
dimensions to each other. Simply put he would compare the distance north-south and east-west
of the target as its 2 dimensions and look at the ratios from bomb to bomb. Then he would chart
those out and apply probability rules on the mean results. This is much like a paired t-test
because there are only 2 dimensions. With the Blythe S-curve, we will only have 2 dimensions
the project team and the process owner and team, Montgomery (2013) illustrates the formula for
the Hotelling T2 control chart statistic (Figure 11) and the formula for creating upper and lower
control limit (Figure 12) based on individual observations of collected data with multiple
characteristics.

𝑇 2 = (𝑥 − 𝑥)′𝑆 −1 (𝑥 − 𝑥 )

Figure 11

Hotelling T2 statistic formula

𝑈𝐶𝐿 =

𝑚−1
𝑚

2

𝛽𝛼,𝑝/2,(𝑚 −𝑝−1/2

𝐿𝐶𝐿 = 0

Figure 12

Hotelling T2 upper control limit (UCL) and lower control limit (LCL) formulas.

The next step is to identify how signals or special cause events are detected with the
control charts and what should happen. During a project there needs to be intervention based on
statistically valid signals, and the Hotelling T2 multivariate control chart will signal a special
cause event when a test statistic violates a control limit. The control limit that will be relevant to
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the Blythe S-curve will be the UCL because there are only two dimensions, the project team and
the process owner, the LCL is set at zero and that essentially becomes a boundary. Figure 6
below illustrates the multivariate chart with a subgroup size of 1 leveraging the two dimensions
from the data in figure 9, and there are no signals/special cause events occurring because all
Hotelling T2 statistic values are below the UCL. The stable control chart is illustrated below in
Figure 13.

Figure 13

The Hotelling T2 multivariate chart for Figure 9

Interpretation
Initially, there may be a desire to try and interpret patterned data on the Blythe S-curves,
which can be an adequate method but may not be visible until a week or weeks later. In that case,
the project has lost time that cannot be recovered. The Blythe S-Curves method is meant to catch
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clusters after enough data points are captured. Leveraging the control charts will enable
identifying statistical-based process signals and will typically enable intervention earlier, in order
to get the project back on track and deliver a return on investment (ROI.) When there is a signal
or special cause event detected on the control chart it is not always a bad or negative event. On
the positive side, the control chart may show that the project is giving a signal because it is being
completed faster than expected which may allow shortening the end milestone for quicker
completion and ROI.
The interpretation will focus on identifying when the control chart has breached a
boundary. The data will be derived from the residuals which may not give clear direction on
what needs to be focused on. Using the Blythe S-curve in concert with the Hotelling T2
multivariate control charts will help the sponsor identify the week, the events, and the team that
needs attention. Once the point or points are identified, then cross-referencing the actual event
will give a leader and sponsor a starting point to begin to determine what he or she needs to do to
remove or alleviate the roadblock for the project. The interpretation is as straight forward as
reading a traffic light, if the signal is red, stop until it can be determined what will give the
project a green light to move forward. Kelly (2019) demonstrates in Table 6 below when a
cluster is a good and bad signal, that can then be correlated to the multivariate control chart.
Table 6

Pattern recognition and corresponding actions for the Blythe S-curve.

Team
Project Team
Process Owner
Project Team
Process Owner

Position compared to the
Blythe S-Curve
Above
Below
Below
Above

Pattern event occurring
4 or more out of 5, ahead of schedule.
4 or more out of 5, ahead of schedule.
4 or more out of 5, behind schedule
4 or more out of 5, behind schedule
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Action
Do not intervene.
Do not intervene.
Critical signal, intervene.
Critical signal, intervene.

Examples of projects that have had signals and actions taken by the sponsor will better
illustrate the effectiveness of the model. Below there will be two charts for each example, the
charts included will be Blythe S-curves and the Hotelling T2 multivariate control chart.
Example 1 is a project for a four-month Green Belt Project with both teams on schedule
and no need to intervene. Figure 14 uses k-values for the process owner and team of 0.4 and -0.4
for the project improvement team.

Figure 14

Blythe S-curves, Hotelling T2 Multivariate Control Chart. The process is stable and
in control.
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Example 2 is a project for a six-month Black Belt Project with clustering telling the
project team there is a signal to intervene. The k-values used are 0.4 (taking ownership) and -0.4
(hand-off improvement). The multivariate control chart constates there is statistical evidence of a
signal at week 16 to intervene. The control chart would require waiting until week 16 to avoid
overcontrolling the process, a false positive. In addition, the Blythe S-Curve helps to identify
which team needs the intervention, the project team. Visually this is represented in Figure 15.
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Figure 15

Blythe S-curves and Hotelling T2 Multivariate Control Chart. Blythe S-curves
suggests earlier intervention but would require to get to about the same point before
clustering is identified, the multivariate control chart shows statistical evidence.
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Example 3 - is a project for a six-month Black Belt Project with both teams having
signals to intervene. The k-values used are 0.35 (taking ownership) and -0.35 (hand-off
improvement). The Blythe S-curve cluster analysis states there should be an intervention and
root cause needs be done between weeks 11 and 18, but the information would not be able to be
assessed for the process owner until week 14 and the project team until week 17 or 18. The
multivariate control chart shows a statistical signal in week 12. With the use of the Blythe Scurve, it demonstrates that there needs to be intervention and that the project team is the focus of
the delay. Both graphs are illustrated in Figure 16 below.
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Figure 16

Blythe S-curves and Hotelling T2 Multivariate Control Chart. The project team is
behind schedule and the process owner is consistently ahead of schedule between
weeks 11 through 18. The multivariate chart shows a statistical signal at weeks 12
and 13 for intervention on the project team.

Example 4 - is a project for a four-month Green Belt Project with both teams having
many clustering signals to intervene from the Blythe S-curve. The k-values used are 0.35 (taking
ownership) and -0.35 (hand-off improvement). Using the clustering technique for the Blythe S56

curve would have intervention in weeks 6-10 depending on when it was identified. The Hotelling
T2 multivariate control chart gives a statistical signal at week 4 and the Blythe S-curve would
help directionally for the type of intervention done by the sponsor on both teams. Both charts
that demonstrate the conclusion reside in Figure 17.
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Figure 17

Blythe S-curves and Hotelling T2 Multivariate Control Chart. Both teams are
consistently delayed from week 4 going forward, the sponsor would need to
intervene and continue to support and prevent project delays.
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Summary
Blythe S-curves are able to identify when interventions into a process should occur, but
many times those clustering signals take time to materialize. The clustering can take multiple
weeks to signal, and that is lost time in the project. There are many different statistical tools that
could be leveraged to determine when a signal occurs with the primary thought to use a control
chart because of how the data is setup. The data is collected chronologically and is representative
from project to project. The use of the residuals of the projected versus actuals values leverages
the assumption that residuals are normally distributed. With the data assumptions that it is
chronologically collected and should be normally distributed, the idea that a control chart would
be the best tool to identify special cause events or signals is validated.
Choosing the Hotelling T2 multivariate control chart was established through the previous

assumptions but further clarified due to the project team activity being correlated to the process
owner team. The correlation establishes two dimensions for the chart and takes into account the
dependency between them. It will identify statistical signals on when intervention should occur
but does not authoritatively tell the sponsor which team or teams need to focus on removing
project constraints. Using both the Blythe S-curve complimented by the Hotelling T2
multivariate control chart, allow the sponsor to have the visibility and knowledge of when to
intervene and which team needs to be addressed. Looking at data tables will further allow the
sponsor to question the belt leading the project and the process owner to build a better and more
transparent collaborative working relationship.
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CHAPTER V
CONCLUSION
History has shown that there are changes and improvements that must be done in order to
stay competitive and viable from a quality and continuous improvement perspective. A common
theme throughout the evolution of quality is related to leadership and the ability to track and
understand the effectiveness of improvements. Effective leadership directly relates to an
individual and the organization’s collective leadership being able to efficiently navigate change
management and build relationships within the organization. The ability to become proficient at
both skills establishes trust and support for quality improvement initiatives and projects.
Proficiency needs a medium to quantitively and visually demonstrate the progress and
opportunities that present during the implementation of such activities. The Blythe S-curve and
the use of Hotelling T2 multivariate control chart are the tools to enable and support leadership in
the quest to effectively implement quality and continuous improvement methodologies in all
organizations, whether manufacturing or service-based organizations or functions within
organizations.
The Blythe S-curve allows an organization to leverage established prescriptive
methodologies, such as Lean Six Sigma’s DMAIC, Kaizen, DFSS, and traditional quality
methods like PDCA/PDSA and 5S. The process to establish the Blythe S-curve establishes
reasonably expected completion intervals based on standard industry norms or established norms
by the organization. The completion intervals are calculated on the logit 3-parameter s-curve for
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the project team and the process owner team to establish the relationship for the hand-off and
engagement between the two teams. The project team is on a decay model and the process
owner team is on a growth model where a theoretical set of curves are established and the actual
project milestones are graphed against. The Blythe S-curve allows the visual recognitions of
patterns of being behind schedule or ahead of schedule to help leadership determine whether to
intervene in the project to get it back on track. The steepness of the curves can be adjusted based
on the maturity and reality of the organization for the handing off improvements to the process
owner. The Blythe S-curve establishes a visual and quantitative method to appropriately
intervene in continuous improvement projects.
The ideal situation for any organization is to intervene as soon as possible to minimize
the loss of time, resources, and support for a project. The Blythe S-curve visually allows the
intervention but is not always calling for intervention as soon as it is possible to identify. The
Hotelling T2 multivariate control chart is an additional tool that can be utilized in concert with
the Blythe S-curve to identify statistically valid signals for the process. The multivariate chart
uses the residual values derived from the Blythe S-curve and plots them on the Hotelling T2
multivariate control chart. The assumption is that the project team is correlated to the process
team which is established by the handoff process, which allows the use of the two dimensions,
project team residuals, and the process owner residuals, to establish the method being used for
the multivariate chart. The Hotelling T2 multivariate control chart will signal that there needs to
be an intervention into the process as soon as the probability that the event is not random or
common is established. It adds statistical validity to the project intervention.
Understanding the history of quality and continuous improvement demonstrates that
evolving methods and techniques are critical for supporting changes in organizational appetite
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for improving the use of quality and continuous improvement methods and tools. No matter the
industry and process type, establishing effective change management and relationship building
can increase the likelihood of successful implementation of initiatives. Along with the change
management and relationship building skills for leadership, the need to visualize and measure
progress is a powerful toolset to enable better decisions. The Blythe S-curve and the Hotelling T2
multivariate control chart are two methods that will support and better enable the evolution
quality and continuous improvement. The approach transforms qualitative and subjective data
and concepts into statistically quantitative tools that support implementation into an organization.
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